1011

INVESTIGATION OF THE EFFECT
OF INCREASING OF THE TRANSVERSE PHASE VOLUME
OF THE BEAM IN AN ELECTRON GUN WITH DIFFERENT COLD CATHODES.

S.V.Martynov, V.I.Pershin,

V.K.Plotnikov,

N. Ya.Popova

Institute of theoretical and experimental physics,

Moscow,

Abstract

This work is continuation and developaent of the expe-
risental investigations of found at the accelerator
LIA-5/5000 effect the phase volume increasing, which essen-
tially defines the possibility of beas transportation in an
accelerating channel, Measureaents were carried out at the
output of the electron gun E6-430 of the accelerator
L1£-5/5000, Two type of plasma desorption slit cathodes and
also 2 velvet catode were investipated. Measurements showed
that the type of the cathode and the geomeirv of the first
gap influence only the value of the initial phase volume of
the beam Ven. The character of dependence of Von. upon the
function F defining the influence of the space charge of
the beas, is the same for all the investigated cathodes
that corresponds to the theoretical understanding of the

role af space charge in the studied effects.

1. INTRODUCTION

For solving the nuaber of perspective scientific and
techical probless high current electrons beams with the
energy up to ten’s MV and with the brightness exceeding
10%A/cet.rad? are necessarv. Since such beams can be obta-
ined now practicaly only in the linear induction accelera-
tors (LIA) investigations of the problems of the beass ge-
neration and acceleration in LIR to receive necessary
brightness are verv actual. The ters "brightness" weans - B
= k. [/V%en, So to obtain the high brighness it is necessary
to have the proper current I with the ainisum phase volume
VYan.

The investigations of the last few years pointed out
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that the currents more than 10 kA may be reached in
up-to-date LIA’s without any probless. The main difficulty
in obtaining of high brightness is phase voluse increasing
under processes of formation, transportation and accelera-
tion of electrons beass in the LIA. Such increasing is con-
nected with technolpgical feature of the beam transportati-
on like in the case of laser transportation in the ATA ac-
celerator [11, or with the influence of space charge forces
in the initial part of the accelerator, which take place in
the LIA-5/35000 in ITEP [2).

Earlier [2] it was discovered that if the beam current
I exeeded some critical value ler.

2 ler.= 0,016 5 {7 - 1) kA, (N
where § is the cross section area of the beam in the cros-
sover, 7 - relativistic factor at the exit of the electron
gun (EG), the phase volume of the beam is detersined by the
expressian
V=Val § +C(F - Fer.}l, (2)

Here Vo is the phase volume of the beas at the entrance of
the actceleration channel, C=30, Fer.= 0.0225 - constants
for EG of the LIA-5/5000 with the beae diameter 4.6 tm in
the crossover. Function F = Fir,I) with the accuracy up to
10415% is determined as

I v 7

Lot (r-1)- JT-T
where le = 2ac/e = 17 kA for the electrons, 1 - beam cur-
rent, This function is proportional to 5-aU/Us, where &/t
is the change of potential in any point on the axis of the
accelerator due to space charge of the beas; Uo - potential

in this point without the bean.
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The results of the seasurements of the dependence of
ohase voluse on the factor F for the beam eaitted by desor-
ption slit cathode (DSC) [3) carried out earlier are opre-
cented in the Fig. 1, The number of curves were built for
the chase volumes corresponding to the different oarts X
froa the total beam current. Horizontal parts of the curves

ronformed to the values F < Fer., For F > Fer. the phase

volume increased in accordance to eguation (2). The values
of the phase voluse in horizontal parts of the curves con:
cured with the values VYo, i.e. with the phase volume of the
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Figure 1. The dependence of the ghase volume Ven.
on the factor F for the different parts X froa
the total beam current, Iris diameter = 4.6 cn,

the beam at the entrance in the acceleration or drift chan-
nel. The carried out measursents with DSC cathode for the
beams with different diameter showed the constancy of
Fer./S = 0.0016 ca~2, 5o the purpose of this work was in-
vestigation of the ohase voluse increasing for beams eait-

ted by cold cathodes of different tvopes.

2. EXPERIMENTY
The measuraents of the dependence V(F) have been car-
ried out with the desorption slit cathode (period of the
structure: mica - 0.1 aa, cooger - 0.3 sm; the height of
pica onto the copper surface - 2 ea) and with the velvet
piles cathode with the height of the dielectrical elesents

eguals 1.5 sm. In the late case the length of the ano-
de-cathode cap was 30 ma and the ootics of the ogap was
changed by focusing electrode near the cathode in order to
reduce the angle spread of particles in the beaa. Another

DSC with the emitting surface consisted of the 69 separate

cells, with an independent current lead each. was alsoc con-
sidered.

The investigations were conducted an the exit of the
sodernized electron gun (E6) of the LIA-3/5000 accelerator
{Fig. 2). laprovements in the gun construction orovide the
arrangement of all axiallv simmetrical current leading ele-
ments of the EG on the axis of the accelerator. Kigher vol-
tage say be applied to the gap of the newlv designed oun

and this gave possibility to widen the ranne of seasure-
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Figure 2. The electron qun EG-430.
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1.2 - the
first and the second oulse transtformers: 3 -
cathode: & - grid (first anode): 35 - focusing
glectrod; & - drift tube (second anode); with fo-
cusing coil: 7 - ghase voluse weasuring instru-
sent.

sents of Von. (F) with F as a parameter. In addition the
first accelerating gao in the new £E6 aight be changed‘ wit-
hin one ouscing-down cvcle.

In experiments being described. sust as in the work

{21, the lenothes of the first and the second opaps were
eaual correspondinaly 30 and 50 ma, the diameter of the
cathodes - 75 ms, the iris diameter - 44 es. The voltace in
the first gap was changed from 100 to 230 kV, in the second
pap - from O to 400 kV. The emission currents of the catho-
des altered from 100 to 1700 A, and the current at the oun
exit - from 100 to 500 A.

The modified two slits method was used for shase volu-
ae measurements. The device consisted of the entrance slit
0.3 as and a lamellar svstea consisting of 20 (40) lamsels
0.3 ea width each. This lamellar system was tightlv connec-
ted with the entrance slit. The distance between the slit
and lamellar svstes was egual 180 mm. Such device had reso-
lution 0.005 ca.rad and it could be soved in the direction

transverse to the axis of the beae by a remsote control svs.



tes, The signals were registered bv oscilloscome with memo-
ry and statistical training of the signals was used. Like
previous measurements, each ooint in the VIF) curve corres.
ponded to the minimal value of the focusing magnetic field
in the drift channel, when the Ven. (F)=const. and there we-
re no losses of the particles.

The initial phase volume of the beaa was defined thro-
ugh the results of seasurements of the transverse angle
spread of the particles in the beam 8 for different desor-
otion cathodes [4) and through the diaseter of the bean,
The value ® was defined by the emission characteristics of
a cathode, by the influence of the soherical and chromatic
aberrations in the anode - cathode gao and also bv the oro-
perties of the anode orid. Ven. also desends upon the ini-
tial radius of the beaa define bv the dimension of the
iris. The measureaents of 9 showed at the same time that 8
weeklv depends upon the pressure of the residual gas in the
volume of the EG. upon the moment in the opulse duratien,
upon the sharpness of accelerating voltage rise in the gap
and, at tast. uoon the value of the accelerating field Ea-c
itself. The last circuastance is rather essential as anv

sometines
the first

change of the value F under measurement Ven.(F)
requires changes of the accelerating field in

gap.

3. RESULTS.

The results of the experiments are opresented in the
fig. 3. The upoer curve corresponds to the results of the
work [2]. The cbtained points for large-structure cell cat-
hode are also nointed in the fig.3, Two lower curves relate
to the pile cathode made of velvet, It is seen that the
character of the rise of the chase volume is the same for
all the different cathodes. Relativelv the sase slooe of
the rising oarts of the curves suoports the conclusion of
the work [2) that this slooe does not depend upon anv other
factors exceot the initial radius of the beas. The values
of Fer for all the curves coincide with accuracy to 101,

These facts witness the main factor influencing the rise of
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Figure 3. The deoendance of the beam phase voluse
Ven. on factor F for the different tvpes of cat-
2 -

hodes. 1 - large-structure aica DSC: viles

cathode (velvet) without focusing electrod: 3 -
piles cathode (velvet) with focusing electrod.

the phase volume is the natural space charge of the beam as
the factor F deoends onlv uoon aU/Uo under constant beam
radius. This conclusion does not contradict with the the-
oretical undestanding of [21.

This investigation confira the constancv of the ratic
Fer./§ = 0,006 without anv dependence upon the gun geomet-
ry, tvpe of a cathode and the initial phase volume pf the

beas.
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